Abstract The purpose of the present study was to compare the effects of an online stimulus equivalence procedure to that of an assigned reading when learning Skinner's taxonomy of verbal behavior. Twenty-six graduate students participated via an online learning management system. One group was exposed to an online stimulus equivalence procedure (equivalence group) that was designed to teach relations among the names, antecedents, consequences, and examples of each elementary verbal operant. A comparison group (reading group) read a chapter from a popular textbook. Tests for the emergence of selection-based and topography-based intraverbal responses were then conducted, as were tests for generalization and maintenance. Overall, results suggest that the online equivalence procedure was not significantly more effective in promoting topography-based responses than the assigned reading. However, performance on selection-based tests was enhanced by the online equivalence procedure as was performance on topography-based tests when participants were required to provide operant names in response to consequences or examples. On average, the equivalence group Analysis Verbal Behav (2015) 31:255-266 
read material. However, one disadvantage of relying on assigned readings may be that students develop inaccurate perceptions about the duration of study or criteria necessary to master material. In comparison, equivalence-based procedures define mastery criteria for the student and thus determine the necessary duration of study based on student performance. One drawback might be that equivalence procedures can be time consuming, both in their development and implementation.
The primary purpose of the present study was to compare the effects of a structured online stimulus equivalence procedure to that of an assigned reading study method when learning Skinner's (1957) elementary verbal operants. Skinner's taxonomy of verbal behavior was selected as the subject matter because they might be difficult for some students to learn because the operants are defined by different antecedents but similar consequences.
Method Participants
Twenty-six graduate students at a large, public university in the US Midwest participated in the experiment. This was the students' first semester in a master's program in behavior analysis and therapy. All were recruited from a course on single-subject research methodology and received extra course credit for their participation. To ensure equal group size, assignment to either the equivalence or reading group was alternated through quasi-random assignment according to the order in which signed informed consent documents were received. Each group was comprised of 13 participants. Eighteen of the 26 students completed a follow-up probe: 8 from the equivalence group and 10 from the reading group.
Setting and Stimuli
Participants completed all tests in one session on their own time and in a setting of their choosing. All sessions were conducted through Desire2Learn (D2L), the university's learning management system. Experimental stimuli consisted of the following: names of verbal operants (A stimuli), antecedents for the operants (B stimuli), consequences for the operants (C stimuli), and examples of the verbal operants (D stimuli). Thus, a four-member stimulus class was conceptualized for each of the following operants: echoic (1), mand (2), tact (3), intraverbal (4), textual (5), and transcription (6). Antecedents (B stimuli) included the controlling antecedent events (e.g., verbal stimulus with point-to-point correspondence and formal similarity). Consequences (C stimuli) included one of two types of reinforcement (i.e., generalized conditioned reinforcement or specific reinforcement). Examples (D stimuli) were short vignettes that included an antecedent, response, and reinforcement contacted for the corresponding operants. Stimuli were presented during instruction in order to establish fourmember (i.e., A, B, C, and D) stimulus equivalence classes for each of six operants. Vignettes were constructed such that the length of each description was similar. A template (see Table 1 ) was used to arrange experimental stimuli into the six fourmember stimulus classes. A total of 96 experimental stimuli (available from the authors upon request) were created by filling the blanks in the template to create four different sets: water (stimulus set 1), daddy (stimulus set 2), oranges (stimulus set 3), and chair (stimulus set 4). All trials were automatically sourced from a randomized question bank written by the authors and stored on D2L. For the reading group, instructional materials included six pages (pp. 529-534) on Skinner's (1957) elementary verbal operants found in Cooper, Heron, and Heward (2007) . The reading provided plain English definitions, paragraph-length descriptions, and multiple examples of the antecedents and consequences for each verbal operant. Both groups were also exposed to a PowerPoint presentation and passed a nine-question multiple-choice quiz (30 slides total) on the definitions of point-to-point correspondence and formal similarity as described by Skinner (1957) prior to the experiment. SB trials required participants to click the correct comparison stimulus in response to a sample stimulus (i.e., multiple choice), while TB tasks required participants to type their response (i.e., fill in the blank).
Experimental Design
A between-group design was used to compare the effects of each condition, with the following condition sequence followed in each: pretest-instruction-posttest-generalization. The equivalence group completed a TB pretest, PowerPoint presentation and quiz as described previously, online equivalence procedure, TB and SB posttests, and tests for generalization, respectively. The reading group completed an identical sequence with the only exception being the substitution of the online equivalence procedure for an assigned reading. Follow-up probes were conducted 7 weeks after the last participant completed the final posttest. Efforts were made to ensure that the participants were not exposed to the instructional material outside the study by checking the syllabi of concurrent courses and confirming the absence of the relevant content.
Dependent Measures and Interobserver Agreement
The primary dependent measure was the percentage of correct responses on TB probe trials. This measure allowed for comparisons to be made between the emergence of TB responses after an online stimulus equivalence procedure or assigned reading. Secondary dependent measures were (1) the percentage of correct responses on SB probe trials, (2) response generalization during novel TB probe trials, and (3) response generalization during novel SB probe trials. Interobserver agreement was calculated for 45 % of TB trials across all trial types for each group using the following formula: Itemby-item agreement per participant and trial type was divided by agreements plus disagreements, multiplied by 100 %. Group mean interobserver agreement (IOA) scores for each trial type were used to calculate an overall group IOA score. The resulting IOA score was 98 % (range, 83-100 %) for the equivalence group and 98 % (range, 89-100 %) for the reading group. SB probe trials were automatically scored by D2L. and receives generalized conditioned reinforcement such as Byes, you wrote ___B lanks were filled with corresponding stimuli from each of the following sets to create a total of 96 experimental stimuli: stimulus set I (water), stimulus set II (daddy), stimulus set III (oranges), or stimulus set IV (chair) operant) for a total of 30 trials from stimulus set 1. This order insured that the content of sample stimuli did not inform responses to subsequent trials. Trials within each subgroup were randomized. A trial ended when the participant clicked the next page button located directly below the comparison stimuli. Only one trial was presented on screen at any given time and participants were not able to view or edit previous trials. SB pretests were not performed due to the risk of exposing participants to sample and comparison stimuli contained within the TB trials. No feedback was provided for pretest responses.
Instruction Both groups were instructed to first complete the PowerPoint presentation and quiz. After passing the quiz, participants in the reading group were automatically granted access to pages 529-534 of Cooper et al. (2007) through the D2L system and instructed to study the material thoroughly before completing the posttests. Participants in the equivalence group did not have access to the Cooper et al. reading and were instead instructed to complete the online equivalence procedure.
Online Equivalence Procedure The purpose of the online equivalence procedure was to teach three relations: name-antecedent (A-B), name-consequence (A-C), and nameexample (A-D). Experimental stimuli for the online equivalence procedure included stimulus set 1 and stimulus set 2. Each trial block was comprised of 12 randomized trials for a particular relation and included two trials for each of the six verbal operants. Trial onset was indicated by the presentation of a sample stimulus (e.g., A1) and six comparison stimuli (e.g., B1-6) from which to choose. The order of comparison stimuli was automatically randomized and a selection was made by clicking on small circles located to the left of each comparison stimulus. Trials were conducted in a similar fashion to pretest. A trial ended when the participant clicked the next page button located directly below the comparison stimuli. Only one trial was presented onscreen at any given time and participants were not able to view or edit previous trials. Onscreen corrective feedback was provided by D2L following the completion of each 12-trial block. Feedback included a representation of all trials including participant responses and correct responses highlighted. Mastery criterion was set at 92 % (i.e., 11 correct responses out of 12) and participants were allowed 10 attempts per test. As part of the online equivalence procedure, access to tests for symmetry was not granted until criteria were met on the taught relation. In other words, mastery of the antecedentname (A-B) relation granted access to name-antecedent (B-A) tests. Following mastery of each taught relation, access was granted to a corresponding test for symmetry, that is, a 12-trial block of antecedent-name (B-A), consequence-name (C-A), or example-name (D-A) relations was conducted. Criterion was set at 92 % for each of these three tests.
In the event that criterion was not met, participants were required to retake the instructional trial block. Two tests for transitivity were conducted in a similar fashion to tests for symmetry. These contained either example-antecedent (D-B) or exampleconsequence (D-C) relations and were conducted following mastery of all tests for symmetry. Tests for transitivity did not include a mastery criterion, nor were participants provided their score or corrective feedback by D2L. TB probes were presented in an identical fashion to those in pretest probes with the addition of an equal amount of trials from stimulus set 2. These posttests assessed the same relations as pretest and no feedback was provided. SB posttest probes were presented in an identical fashion to those in the online equivalence procedure.
SB and TB Posttest Probes
Generalization Posttest Probes Both TB and SB generalization posttest probes were identical to posttest except that they were conducted using only example-name (D-A) relations from stimulus set 3 and stimulus Set 4. No feedback was presented and participants had not previously been exposed to any of the stimuli in these sets.
Generative test probes consisted of six TB trials during which participants were asked to provide a novel example of each verbal operant complete with antecedent, response, and consequence.
Follow-Up Probes All participants were asked to complete follow-up probes approximately 7 weeks following their final experimental session. Additional course credit was offered for participants' completion. Participants were again instructed to complete this test in one session. Follow-up probes were identical to SB, TB, and generalization posttest probes. They were comprised of 108 total trials.
Results and Discussion
Trials to criterion ranged from one to four for instructed relations. A Pearson productmoment correlation coefficient was computed to assess the relationship between trials to criterion during the online equivalence procedure and TB posttest scores for corresponding symmetry relations. There was a negative correlation between the two variables, r=0.471, n=39, p=0.002. This suggests that participants who struggled during the online equivalence procedure had lower TB posttest scores for symmetry relations. Employing a multivariate analysis of covariance (MANCOVA) design across five dependent variables-TB antecedent-name (B-A), consequence-name (C-A), examplename (D-A), example-antecedent (D-B), and example-consequence (D-C) relations-a pretest-posttest MANCOVA was performed employing the pretest as a covariate. Multivariate outcomes were evaluated by computing a group × covariate (2×2) MANCOVA design. Between-subjects outcomes failed to yield a significant familywise effect by group (where Wilk's Λ = .734, F(5, 20) = 1.452, p = .249, η 2 =.266). We examined Mauchly's test, which assesses the degree of equivalent proportionality with regard to the hypothesized and the observed variance/covariance matrices. The test was nonsignificant, suggesting that there was no evidence of violations of assumptions regarding multivariate sphericity. In summary, the online equivalence procedure was not significantly more effective in promoting TB responses than reading a section from Cooper et al. (2007) .
Group scores for SB and TB tests are displayed in Table 2 . On TB posttests (Fig. 1) , the equivalence group met criterion (i.e., 92 %) on two of the five TB relations:
consequence-name (C-A) and example-name (D-A), while the reading group did not meet criterion on any of the five relations tested. This difference might be seen as that of the group receiving a C (i.e., 70-79 %) instead of an F (i.e., 0-59 %) grade on a paper-and-pencil examination. Fisher's exact tests revealed that the difference in the number of participants who met criterion between the equivalence and reading groups was significant for the C-A relation (p=.002) and D-A relation (p=.037). Thus, performance was enhanced by the online equivalence procedure when participants were required to provide operant names in response to consequences and examples. Some support is provided for Walker et al. (2010) who showed that untaught written intraverbal responses emerged after equivalence procedures. At follow-up, neither the equivalence group nor the reading group met criterion on any of the relations tested. In this case, both groups would have received an F grade on a short-answer paper-andpencil examination. SB data and all follow-up data are excluded from the figures.
On SB posttests, however, the equivalence group met criterion on all eight SB relations tested, whereas the reading group met criterion on only two of the eight relations. Fisher's exact tests revealed that the difference in the number relations at criterion between the equivalence and reading groups was significant (p=.003). Thus, performance on SB tests was enhanced by the online equivalence procedure. At followup, the equivalence maintained criterion-level performance on five of the eight relations, whereas the reading group reached criterion on only one of the eight relations. Fisher's exact tests revealed that the difference in the number relations at criterion between the equivalence and reading groups at follow-up was not significant (p=.059). The difference in scores between groups, at both posttest and follow-up, can be seen as the difference between receiving an A (i.e., 90-100 %) and a B (i.e., 80-89 %) grade on a multiple-choice examination. Values within parentheses indicate increases and decreases from pretest to posttest and from posttest to followup a Met mastery criterion of 92 % or greater On tests for generalization (Fig. 2) to novel example-name (D-A) relations, the equivalence group met criterion on both SB and TB posttests, whereas the reading group did not meet criterion on either SB or TB tests. Fisher's exact tests revealed that the difference in the number of participants who met criterion between the equivalence and reading groups was not significant for the SB relation (p=.322) or TB relation (p=.08). Again, the difference is equivalent to one letter grade on a multiple-choice and paper-and-pencil examination, respectively. Neither the equivalence nor the reading group met criterion on SB or TB tests for generalization at follow-up. Neither the Although the equivalence group scored higher on all but one test (TB generative posttest), performance was comparable to that of the reading group. These results are similar to Lovett et al. (2011) and suggest that an online stimulus equivalence procedure may be as effective as methods that may be associated with assigned readings (e.g., massed practice, mnemonic devices, and acronyms). Between-group differences are therefore discussed in terms of the advantages and disadvantages of each approach.
There is an obvious advantage in preparation time for instructors when simply requiring students to read material. However, the results suggest that the reading group may have had inaccurate perceptions about their mastery of the material and could have performed at a higher level had they spent an equal amount of time studying as compared to the equivalence group. The equivalence group spent an average of 46 min (SD=27) completing the stimulus equivalence procedure, while the reading group spent an average of 15 min (SD=13) viewing six pages from the chapter on verbal behavior. It is unclear why participants 7 and 13 did not access the reading. Pearson product-moment correlation coefficients were computed to assess the relationship between instruction/reading time and SB, TB, and overall posttest scores. No significant correlations were found.
Of particular interest, for example, was the high accuracy of SB but relative absence of TB example-antecedent (D-B) and example-consequence (D-C) responses in both groups. Whether or not these results point to a limitation of the present online procedure in promoting lengthy TB responses or a limitation of both assigned reading and equivalence procedures in general remains unclear. What can be said is that this phenomenon further emphasizes the distinction between SB and TB responding. The former requires only an effective scanning repertoire and a conditional discrimination, while the latter involves the strengthening of a distinguishable topography given some specific controlling variable, as well as point-to-point correspondence between the response form and the response product (Michael 1985) . This point seems worth Fig. 2 Percentage of correct TB responses during generalization (left) and generative (right) for untaught relations in the equivalence (black bars) and reading (white bars) groups. The dashed line represents the mastery criterion stressing as a great many higher educational classrooms incorporate SB (i.e., multiple choice) examinations, the results of which may not generalize to relevant response topographies. Future investigations might evaluate a technique employed by O'Neill and Rehfeldt (2014) and examined by O'Neill et al. (2015) wherein a TB component is included in the procedure by asking participants to read responses aloud during SB instruction.
Skinner's taxonomy of verbal behavior is often challenging for students and practitioners due to the complexity of the definitions involved. Similar to teaching machines of Skinner (1958) , stimulus equivalence procedures share the benefit of controlling for arbitrary decision making on the part of the student with regard to their level of preparation for testing. Results suggest that stimulus equivalence procedures might be used to learn, with minimal errors, the foundational material that will allow instructors to focus direct instruction on honing the student's TB repertoire. In addition, stimulus equivalence procedures could be employed in conjunction with other behavior analytic approaches that combine classroom instruction with online learning such as the computer-aided personalized system of instruction (Pear and Martin 2004) in an effort to promote a self-paced learning environment.
